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(57)Abstract: 

PURPOSE: To provide a method to avoid magnetic hysteresis of a rare earth iron garnet single crystal film which 
is conventionally considered difficult to be used as a Faraday rotator for an optical switch or a magnetic sensor 
because of its large magnetic hysterisys although it has a very low saturation magnetic field. 
CONSTITUTION: A permanent magnet is disposed in a part of a rare earth iron garnet single crystal film. 
Thereby, magnetic hysteresis of the rare earth iron garnet single crystal film can be eliminated. The film is 
conventionally considered difficult to be used as a Faraday rotator because of its large magnetic hysteresis 
althogh it has a very low saturation magnetic field. As a result, the rare earth iron garnet single crystal film having 
a low saturation magnetic field can be used as a Faraday rotator for an optical switch or a magnetic sensor using 
Faraday effect. 
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CLAIMS 



[Claim(s)] 

[Claim 1 ] The Faraday-rotation child characterized by some rare-earth-iron-garnet single crystal films [ at least ] 
always being magnetized by the film surface perpendicular direction with the permanent magnet. 
[Claim 2] The Faraday-rotation child according to claim 1 characterized by being magnetized to opposite direction 
mutually [ a Faraday-rotation child ] two places using two permanent magnets. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the method of using the big rare-earth-iron-garnet single crystal film of 

a hysteresis as a Faraday-rotation child of an optical magnetic field sensor or an optical-switch use, magnetically. 

Furthermore, if it says in detail, this invention is vanishing the magnetic hysteresis of the rare-earth-iron-garnet single 

crystal film acting as an obstacle, in case it uses as a Faraday-rotation child of an optical magnetic field sensor or an 

optical switch, and relates to the method of closing, if the big rare-earth-iron-garnet single crystal film of a magnetic 

hysteresis can also be used as a Faraday-rotation child of these uses. 
[0002] 

[Description of the Prior Art] In recent years, the optical switch using the rare-earth-iron-garnet single crystal film 
which has the big Faraday effect, and the device called optical magnetic field sensor called a photocurrent sensor and 
optical rotation sensor are put in practical use one after another, and development of the rare-earth-iron-garnet single 
crystal film set by these uses is also performed briskly. The Faraday effect is a kind of the magneto-optical effect, and 
points out the phenomenon which the plane of polarization of the light which penetrated Faraday cells [a Faraday- 
rotation child], such as the material which shows the Faraday effect, i.e., a rare-earth-iron-garnet single crystal film 
etc., rotates. And the size of the angle of rotation of this plane of polarization becomes large in proportion to the 
intensity of magnetization of a Faraday cell. This situation is shown in drawing 1 . In drawing 1 , a Faraday-rotation 
child's Faraday-rotation angle in the state where an external magnetic field [intensity] is not impressed is located in 
Zero [0] o, i.e., a zero. If an external magnetic field becomes strong gradually, through Path a or Path d, gradually, 
absolute value [thetaF of a Faraday-rotation angle or -thetaF, and] that usually adds right-handed rotation and considers 
left-handed rotation as minus will become large, and will go [path o->a->b or path o->d->e]. If external-magnetic-field 
intensity reaches a certain intensity [Hs], a Faraday-rotation angle will serve as a saturated value [saturation magnetic 
field:b or e points]. Furthermore, even if external-magnetic-field intensity becomes strong, since the Faraday-rotation 
angle is already saturated, a Faraday-rotation angle does not change only by shifting to f from c or d from b. If the 
external magnetic field is weakened gradually next, a reverse path, i.e., c->b->a->o, or f->e->d->o will be followed, 
finally magnetic field interference will be lost, and it will return to Zero o. The optical switch and the magnetic field 
sensor used the magnetic field dependence property of a plane-of-polarization angle of rotation which was described 
above. 

[0003] An optical switch tends to operate by generating and switching the magnetic field more than the saturation point 
b of drawingj. , and the saturation point e with a magnetic field generator, and detection of the magnetic field 
according [ and ] to a photocurrent sensor tends to detect the difference in the Faraday-rotation angle in the straight- 
line field between this zero o and the saturation point b as optical intensity. And detection of the strength of the 
magnetic field by the optical magnetic field sensor as a rotation sensor tends to detect the difference in the Faraday- 
rotation angle in this zero o, the saturation point b, or the saturation point c as optical intensity. 
[0004] The composition of the optical switch using Faraday-rotation children, such as a rare-earth-iron-garnet single 
crystal film, is shown in drawing^ . Here, it is a sign 1 . The polarizer which consists of a rutile etc., and sign 2 The 
Faraday-rotation child who consists of a rare-earth-iron-garnet single crystal film etc., and a sign 3 are polarization 
separation elements which consist of a rutile etc. Sign 4 It is the magnetic field generator which consists of an 
electromagnet, a coil, etc. for generating the magnetic field beyond sufficient magnetic field, i.e., a saturation magnetic 
field, saturating a Faraday-rotation child magnetically. In drawing 2 , the light which penetrated the polarizer 1 turns 
into the linearly polarized light, and carries out incidence to a Faraday-rotation child. The plane of polarization of the 
light which carried out incidence to the Faraday-rotation child rotates here. It depends in the direction of the magnetic 
field impressed to a Faraday-rotation child. If the hand of cut of plane of polarization changes, the optical path of the 
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light which penetrated the polarization separation element 4 will change. That is, the outgoing radiation position of 
light changes namely, becomes switchable by switching the direction of an external impression magnetic field. If a 
Faraday-rotation child's saturation magnetic field is large in this composition, in order to generate sufficient magnetic 
field made sufficient for a Faraday-rotation child's magnetization being saturated, a magnetic field generator is 
enlarged and big power is needed. Moreover, problems, such as generation of heat of the coil by current, occur. For 
this reason, in the optical switch adapting the Faraday effect, the saturation magnetic field of a rare-earth-iron-garnet 
single crystal film must be made as small as possible, and must attain power-saving and a miniaturization of a 
magnetic field generator. 

[0005] Generally a photocurrent sensor is constituted like drawing.! . Namely, sign 5 The polarizer which consists of a 
rutile etc., and sign 6 The Faraday-rotation child who consists of a rare-earth-iron-garnet single crystal film etc., and 
sign 7 It is the analyzer which consists of a rutile etc. It sets to drawing 3 and is a polarizer 5. A transmitted light turns 
into the linearly polarized light, and, subsequently the plane of polarization rotates it by the Faraday-rotation child. 
Although the light which penetrated the Faraday-rotation child next penetrates an analyzer, the optical intensity 
changes according to a Faraday-rotation angle. Usually, rotation of the plane of polarization by the Faraday-rotation 
child changes to below a saturation magnetic field almost linearly according to the external-magnetic-field intensity 
impressed to a Faraday-rotation child (refer to drawingl ). Therefore, by measuring the optical intensity after analyzer 
transparency, the external-magnetic-field intensity impressed to a Faraday-rotation child will be detected. In a 
photocurrent sensor, although it is necessary to detect a slight change of current which flows an electric wire with a 
sufficient precision, in order to detect a slight change of current, i.e., minute change of the magnetic field which current 
forms, it is necessary to start the slope of a line in drawingi. . It is necessary to lower the saturation magnetic field of 
the rare-earth-iron-garnet single crystal film used for a Faraday-rotation child for that purpose, and to enlarge the 
Faraday-rotation angle per unit magnetic field. 

[0006] The optical magnetic field sensor which becomes the range which the influence of the magnetic field which the 
permanent magnet is attached in the rotating equipment and [applied optics (Applied Optics), the 28th volume, No. 1 1 
and 1992 pages (1989 years)] and this permanent magnet form attains to from a rare-earth-iron-garnet single crystal is 
arranged with the tachometer using an optical magnetic field sensor, i.e., the tachometer by the lightwave signal. Then, 
although an optical magnetic field sensor and a permanent magnet repeat approach and estrangement with rotation of a 
rotating equipment, a difference arises in the magnetic field strength impressed to a Faraday-rotation child in the case 
where it deserts with the case where a permanent magnet approaches. That is, a Faraday-rotation angle changes and, as 
a result, an analyzer and the luminous intensity to penetrate change with rotations of a permanent magnet. Therefore, 
the rotational frequency and rotational speed of a permanent magnet can be regarded as an optical on-the-strength 
change. In this case, if the distance of a permanent magnet and an optical magnetic field sensor head becomes long the 
magnetic field which a permanent magnet forms will become weaker. Therefore, it corresponds to weakening of a ' 
magnetic field in which a permanent magnet forms the sensitivity and precision using the Faraday effect of a 
tachometer using a permanent magnet with more strong magnetism in order to raise more, or reaches, and while 
choosing the optical magnetic field sensor head which demonstrates sufficient function also in a weak magnetic field, it 
is necessary to shorten more distance of a permanent magnet and an optical magnetic field sensor head. Sometimes, the 
configuration of a permanent magnet becomes large, and restrictions arise in an installation not only it is economically 
disadvantageous to change a permanent magnet to what has more strong magnetism, but, and the distance of a 
permanent magnet and an optical magnetic field sensor head becomes long, and evils ~ a substantial improvement 
effect is not acquired ~ arise. Then, the rare-earth-iron-garnet single crystal film magnetically saturated with a low 
magnetic field is needed. 

[0007] As mentioned above, in the optical switch or the optical magnetic field sensor, it is a performance side or the 
field of a manufacturing cost, and is anxious for the rare-earth-iron-garnet single crystal single crystal film saturated as 
much as possible with a low magnetic field. 
[0008] 

[Problem(s) to be Solved by the Invention] Chemical structure formula The rare-earth-iron-garnet single crystal film 
expressed with] as which R3(FeA) 501 2[, however R mean Yttrium Y, Bismuth Bi, or rare earth elements, and A 
means things, such as Aluminum aluminum and Gallium Ga, is liquid phase epitaxial (LPE). It can manufacture 
comparatively easily by the method. It is known that the bismuth substitution iron garnet single crystal which replaced 
some especially rare earth by the bismuth shows the very big Faraday effect. 

[0009] Usually replacing iron by elements, such as Aluminum aluminum and Gallium Ga, is widely performed from it 
being desirable to have a low saturation magnetic field as much as possible in respect of sensitivity or a manufacturing 
cost as for the rare-earth-iron-garnet single crystal used for an optical switch or an optical magnetic field sensor For 
example, 3(GdBi) (FeGaAl)5012 (HoTbBi) 3(FeGaAl)5012 etc. are reported [refer to [ JP,61-20926 A and ] 
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Japanese-Patent-Application-No. 5-55621]. However, in a rare-earth-iron-garnet single crystal film, when aluminum 
and the percentage of Ga and Fe are changed and the saturation magnetic field is lowered, there is a practically very 
big problem [ say / that a magnetic hysteresis becomes large gradually ]. 

[0010] Hereafter, a magnetic hysteresis is explained in detail. The comparatively big rare-earth-iron-garnet single 
crystal 5012 of a saturation magnetic field, for example, (HoTbBi), 3Fe, The relation between the magnetization 
property over a Faraday-rotation child's external magnetic field, i.e., external-magnetic-field intensity, and a Faraday- 
rotation angle seems to be drawing! . (However, a rare earth substitution iron garnet single crystal with a small 
saturation magnetic field, for example, (GdBi), 3(FeAlGa)5012, It sets in the relation between external-magnetic-field 
intensity and a Faraday-rotation angle, and is a path like drawin g 4 . The hysteresis loop like o->a->b->c->b->b' ->a->o 
is drawn.) That is, when weakening with [path o->a->b->c] when strengthening the intensity of an external magnetic 
field and going, and going, it is with [path c->b->b' ->a->o], and the paths differ. 

[001 1] b f point which produced the magnetic field in b points and e points by the hysteresis of the saturation magnetic 
field Hs and a magnetization property in drawing4 , and e - 1 the magnetic field in a point - the nucleation magnetic 
field Hn - calling - difference (Hs-Hn) of the saturation magnetic field Hs and the nucleation magnetic field Hn It is 
defined as the size of a hysteresis. Saturation magnetic field Hs in b points in order to give explanation simply and easy 
now It is the saturation magnetic field [ in / e points / Hsl and the nucleation magnetic field Hn in b 1 point are 
displayed as Hnl, and ] Hs Hs2 and e' Nucleation magnetic field Hn in a point It is displayed as Hn2. 
[0012] If the hysteresis of a rare-earth-iron-garnet single crystal film becomes large and the nucleation magnetic field 
Hn approaches Zero o, it will be held until an external magnetic field almost becomes [ the state where it was once 
saturated magnetically ] zero so that drawing 4 may see. Therefore, by the optical rotation sensor which consisted of 
big Faraday-rotation children of a hysteresis, in order to detect the strength of magnetic field strength, you have to 
make mostly magnetic field strength of the circumference and the circumference of an optical magnetic field sensor 
into zero. However, generally the rotation sensor was usually installed in the interior of a machinery, and moreover, 
although the machinery material is slight, it wears magnetism. Therefore, it is quite difficult to use the magnetic field 
strength of the circumference and the circumference of an optical magnetic field sensor in the state where it was mostly 
made zero. Moreover, by the photocurrent sensor, the limit below of Hn in the measuring range of the magnetic field 
arises. 

[0013] Moreover, when the hysteresis of a rare-earth-iron-garnet single crystal film becomes still larger, it is the 
nucleation magnetic field Hnl. What enters into a minus side exceeding Zero o, [ drawin gs ], and nucleation magnetic 
field Hnl Saturation magnetic field Hs2 It is large and a square hysteresis curve is drawn, and [ drawing 6 ] and once it 
is saturated, there are some to which it becomes drawing the loop of this square, and a magnetic field required for 
saturation becomes larger than the saturation magnetic field Hs of original of a rare-earth-iron-garnet single crystal. 
[0014] Thus, of course, that it is completely unsuitable as a Faraday-rotation child for photocurrent sensors has greatly 
a magnetic field [ required for the saturation ] very difficult for a bird clapper to use also for a rotation sensor or an 
optical-switch use since an impression magnetic field and the linearity of a Faraday-rotation angle separate from the 
big rare-earth-iron-garnet single crystal of a hysteresis. 

[0015] Generally, although a saturation magnetic field will fall if the rare-earth-iron-garnet single crystal film replaces 
iron with a gallium, aluminum, etc., along with the fall of a saturation magnetic field, a magnetic hysteresis becomes 
large. Then, this invention persons inquired wholeheartedly that a rare-earth-iron-garnet single crystal film without a 
magnetic hysteresis should be developed. Consequently, as compared with the conventional rare-earth-iron-garnet 
single crystal film, although the saturation magnetic field was low, the magnetic hysteresis found out 3(FeGa)5012 
[ very small (YLaBi) ]. namely, general formula raised by the liquid-phase-epitaxial method on the nonmagnetic garnet 
single crystal substrate Y3-x-y Lax Biy Fe5-z Gaz 012 [ however x, and y and z - each and 0.1 <=x <= 0. - it is the 
number of 4, 1.0<=y<=1.9, and 1.0<-z<=1.6 - ] - it is the rare-earth-iron-garnet single crystal film which has a 
chemical composition However, also in the above-mentioned (YLaBi) 3(FeGa)5012, the inclination for a magnetic 
hysteresis to become large was seen as the saturation magnetic field was reduced. And if a saturation magnetic field is 
made below into 150 Oe, the relation between a Faraday-rotation angle and an external impression magnetic field 
serves as drawin g^ or drawing 6 , and utilization is very difficult. 

[0016] As explained to the detail above, since the low rare-earth-iron-garnet single crystal film of a saturation magnetic 
field has the large magnetic hysteresis, when using for the Faraday-rotation child for an optical switch or optical 
magnetic field sensors, the present condition is that the magnetic field generator for switching a magnetic field 
becomes large, strengthen permanent magnet intensity given for body of revolution, or there are obstacles, like 
magnetic field measuring range is very narrow and a limit. 
[0017] 

[Means for Solving the Problem] The result which examined wholeheartedly how invention-in-this-application persons 



Page 4 of 6 

use the big rare-earth-iron-garnet single crystal film of a magnetic hysteresis as a Faraday-rotation child of an optical 
switch or an optical magnetic field sensor use, By always magnetizing some rare-earth-iron-garnet single crystal films 
to a film surface perpendicular direction with a permanent magnet It finds out that the magnetic hysteresis used as the 
cause which causes trouble to operation of an optical switch or an optical magnetic field sensor disappears. The very 
useful knowledge of becoming possible to also use the big rare-earth-iron-garnet single crystal film of a hysteresis as a 
Faraday-rotation child of an optical switch or an optical magnetic field sensor use is acquired, further, research and 
examination were added and the invention in this application was completed. 

[0018] That is, the invention in this application performs still more detailed experiment examination, and makes it 
complete as a industrial manufacturing technology based on knowledge that the magnetization property over the 
external magnetic field of a rare-earth-iron-garnet single crystal film is improved by always magnetizing some rare- 
earth-iron-garnet single crystal films to a film surface perpendicular direction with a permanent magnet. 
[0019] Although the reason the magnetic hysteresis of a rare-earth-iron-garnet single crystal film is canceled by always 
magnetizing some rare-earth-iron-garnet single crystal films to a film surface perpendicular direction with a permanent 
magnet is not clear, in relation to the magnetic-domain structure of a rare-earth-iron-garnet single crystal film, it 
guesses as follows. 

[0020] As the magnetic-domain structure of a rare earth iron garnet is shown in drawing 8 , the field A of facing up 
[ direction / magnetization ] and the downward field B show **** and the so-called multi-magnetic-domain structure 
by turns (state 1). And if a magnetic field is impressed, for example in the same direction as Field A from the exterior 
(plus, downward magnetization, or the direction of a magnetic field is appointed for upward magnetization or the 
direction of a magnetic field at minus in order to give explanation clear below), the area of Field A increases gradually 
(state 2), finally a magnetic domain disappears, and it will be in the state where all magnetization gathered in the plus 
direction (state 3). This is exactly in the state saturated magnetically. Next, if external impression magnetic field 
strength is weakened gradually, a magnetic domain will appear in the state of a low more slightly than saturation 
magnetic field strength. However, even if the rare-earth-iron-garnet single crystal film with a big magnetic hysteresis 
weakens an external impression magnetic field, it continues maintaining the single magnetic-domain structure of the 
state 3 of drawing„8 . Since it shifts to multi-magnetic-domain structure from single magnetic-domain structure, this is 
contrary to the magnetization direction of single magnetic-domain structure, namely, has suggested that a certain 
operation which makes the magnetization direction of minus appear is required. 

[002 1 ] However, whenever magnetization attaches the permanent magnet of minus in some rare-earth-iron-garnet 
single crystals, though a magnetic field is impressed in the plus direction from the exterior and almost all fields are 
magnetized by plus, the circumference of a permanent magnet will hold magnetization of minus ( drawing 9 ). the field 
B which has magnetization of minus from here since the permanent magnet circumference already has the magnetic 
domain which has magnetization of minus when the external impression magnetic field is weakened next - the whole - 
- prompt - spreading ( drawing 10 ) - the scheme to say is assumed Therefore, if places other than the portion which 
attached the permanent magnet of a rare earth iron garnet are observed, the state where there is no hysteresis will be 
realized. 

[0022] By completion of the invention in this application, the manufacture using the rare-earth-iron-garnet single 
crystal film of the optical switch miniaturized by much more power saving and the optical magnetic field sensor 
detected also by the minute magnetic field was attained. 

[0023] When carrying out this invention, what is necessary is just the permanent magnet which has sufficient 
magnetism for there to be especially no limit in the kind of permanent magnet, and saturate locally rare-earth-iron- 
garnet single crystals, such as an alnico magnet, a ferrite magnet, and a rare earth permanent magnet. 
[0024] When carrying out this invention, what is necessary is just the size which there is [ size ] especially no limit in 
the size of a permanent magnet, and can saturate a rare-earth-iron-garnet single crystal locally. 
[0025] From the portion which makes an ordinary light penetrate although arrangement of a permanent magnet 
changes with the size of a rare earth iron garnet, and the intensity of a permanent magnet and sizes when carrying out 
this invention What is necessary is just to give distance 0.3mm or more. 

[0026] When carrying out this invention, the magnetization direction of a permanent magnet must be the magnetic 
field and opposite direction which are impressed to a rare-earth-iron-garnet single crystal from the exterior. The 
magnetic field impressed to a rare-earth-iron-garnet single crystal from the exterior should just arrange two or more 
permanent magnets with which the magnetization directions differ, when the magnetic field of not Mukai but right 
reverse is impressed on the other hand. 

[0027] Although there is especially no limit in a Faraday-rotation child's, i.e., a rare earth magnetism garnet, 
composition when carrying out this invention A general formula and R3 Fe5-z Az 012 [, however R Bi, Y, La, Ce, Pr, 
Nd, Sm, Eu, Gd, Tb, Dy, Ho, It is it a kind that it is few as being chosen out of the group of Er, Tm, Yb, and Lu, and is 



Page 5 of 6 

A. It is desirable to apply to the big thing of an especially magnetic hysteresis of the magnetic garnet single crystal 

shown by] which is chosen from the group of Ga, and Sc, aluminum and In, and which is a kind at least. 

[0028] hereafter, although an example explains the embodiment and effect concretely and in detail, the following 

examples explain this invention concretely, and with limiting the embodiment of this invention, and the range of 

invention, if, it does not have intention 

[0029] 

[Example] 

Example 1 capacity To the 500ml crucible made from platinum, lead-oxide [PbO, 4Ns] 843g, Bismuth-oxide [Bi 203, 
4Ns] 978g, and ferric oxide [Fe 203, 4Ns] 128g, oxidization boron [B-2 03, 5Ns] 38g, and oxidization terbium [Tb 
407, 3Ns] 6.0g, oxidization holmium [Ho 203, 3Ns] 7.0g, oxidization gallium [Ga 203, 3Ns] 18g, aluminum-oxide 
[aluminum 203, and 3Ns] 4.2g were taught. Melt temperature after installing this in the position of a precision vertical- 
mold tubular electric furnace, carrying out heating fusion at 1000 degrees C, fully stirring and mixing uniformly It 
cooled even at 775 degrees C and considered as the melt for bismuth substitution rare earth magnetism garnet single 
crystal growths, the melt front face obtained here ~ a conventional method - following - thickness 480 micrometers A 
lattice constant One side of the garnet (1 1 1) single crystal [(GdCa )3(GaMgZr)5012] substrate of 12.493**0.002 ** is 
contacted. Melt temperature It grows epitaxially maintaining at 775 degrees C, and is 47 micrometers in thickness. 
(HoTbBi) 3(FeGaAl)5012 single-crystal film [a HoTbBiFeGaAlG single crystal film] It obtained, next - this - 
HoTbBiFeGaAlG single crystal film lmmx3mm It cut and magnetic properties were measured. Measurement took the 
following methods, first - lmmx3mm Size while arranging a HoTbBiFeGaAlG single crystal film at the center of the 
magnetic field generator [a magnet] which consists of a coil of a MAGUNE tech company and impressing a magnetic 
field - 0.786 mum Semiconductor laser light The HoTbBiFeGaAlG single crystal film was irradiated, and - From 
measurement of the angle of rotation of the plane of polarization of the laser beam which penetrated the 
HoTbBiFeGaAlG single crystal film, the impression magnetic field dependency of a Faraday-rotation angle was 
investigated. The result to HoTbBiFeGaAlG The size of the saturation magnetic field and hysteresis of a single crystal 
film was obtained. Consequently, the same hysteresis curve as drawing 4 was obtained, namely, - the magnetic 
properties of a HoTbBiFeGaAlG single crystal film - Hs 1= 180 (Oe) Hs2= -180 (Oe) Hn 1= 20 (Oe) Hn2= - it was - 
20 (Oe) 

[0030] Next, HoTbBiFeGaAlG By arrangement as shown in a single crystal film at drawing 10 , the permanent magnet 
was fixed and magnetic properties were measured similarly. A permanent magnet is a residual magnetic flux density 
4000 (G). Configuration 1mm phixlmm It is a ferrite permanent magnet. This ferrite permanent magnet is being fixed 
to a Faraday-rotation child's angle with epoxy system adhesives so that the magnetization direction may become 
perpendicular to a Faraday-rotation child's film surface. The result which measured the magnetic influence in this 
Faraday-rotation child's center position is drawing 1 1 . (The magnetization direction by the permanent magnet, the 
opposite direction), and the magnetic hysteresis disappeared in the field of plus of an impression magnetic field, 
namely, - the magnetic properties of a HoTbBiFeGaAlG single crystal film - Hs 1= 180 (Oe) Hs2= -180 (Oe) Hn 1= 
180 (Oe) Hn2= - it was -10 (Oe) 

[0031] Except having arranged the ferrite permanent magnet used for example 2 example 1 like drawing 12 , they are 
an example 1 and this appearance. The magnetic properties of a HoTbBiFeGaAlG single crystal film were measured. 
However, the magnetization direction of two ferrite permanent magnets was made into the retrose. When the magnetic 
influence in this Faraday-rotation child's center position was measured, a property like drawing 1 was shown. Namely 
Hs 1= 180 (Oe) Hs2=-180 (Oe) Hn 1= 180 (Oe) It was Hn2=-180(Oe). 

[0032] It is phixlmm with a residual magnetic flux density [ 10000 ] (G) and a configuration of 1mm instead of the 
ferrite permanent magnet in example 3 example 2. The same measurement as an example 2 was performed except 
having made it the rare earth permanent magnet, this - When the magnetic influence in the center position of a 
HoTbBiFeGaAlG single crystal film was measured, a property like drawing 1 was shown. Namely, Hs 1= 180 (Oe) 
Hs2=-180 (Oe) Hn 1= 180 (Oe) It was Hn2=-180(Oe). 

[0033] It produced in the example 4 example 1. Immx3mm Size To the ends of a HoTbBiFeGaAlG single crystal film, 
it is a residual magnetic flux density 4000 (G). Configuration lmmxlmm x0.5mm The ferrite permanent magnet has 
been arranged and it fixed with epoxy system adhesives. To drawing 13 Arrangement of a HoTbBiFeGaAlG single 
crystal film and a magnet was shown. The magnetization direction a ferrite permanent magnet It is fixed so that it may 
become perpendicular to the film surface of a HoTbBiFeGaAlG single crystal film, this - When the magnetic 
influence in the center position of a HoTbBiFeGaAlG single crystal film was measured, a property like drawing J 2 was 
shown. Namely, Hs 1= 180 (Oe) Hs2=-180 (Oe) Hn 1= 180 (Oe) It was Hn2=-180(Oe). 

[0034] Example 5 capacity To the 300ml crucible made from platinum, lead-oxide [PbO, 4Ns] 420g, Bismuth-oxide 
[Bi 203, 4Ns] 490g, and ferric oxide [Fe 203, 4Ns] 65g, oxidization boron [B-2 03, 5Ns] 15g, oxidization gadolinium 
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[Gd 203, 3Ns] 7.1g, oxidization gallium [Ga 203, 3Ns] 1.3g, aluminum-oxide [aluminum 203, and 3Ns] 3.8g were 
taught. Melt temperature after installing this in the position of a precision vertical-mold tubular electric furnace, 
carrying out heating fusion at 1000 degrees C, fully stirring and mixing uniformly It cooled even at 841 degrees C and 
considered as the melt for bismuth substitution rare earth magnetism garnet single crystal growths, the melt front face 
obtained here ~ a conventional method - following - thickness 480 micrometers A lattice constant One side of the 
garnet (1 1 1) single crystal [(GdCa )3(GaMgZr)5012] substrate of 12.493**0.002 ** is contacted. Melt temperature It 
grows epitaxially maintaining at 841 degrees C, and is 26 micrometers in thickness. (GdBi) 3(FeGaAl)5012 single- 
crystal film [a GdBiFeGaAlG single crystal film] It obtained, next - this - GdBiFeGaAlG single crystal film 
lmmx3mm When it cut and magnetic properties were measured by the completely same method as an example 1, the 
square shape hysteresis as shown in drawing 6 was shown. Namely, Hs 1= 80 (Oe) Hs2=-80 (Oe) Hnl=-240 (Oe) It 
was Hn 2= 240 (Oe). Next, 1mm x3mm Size Like [ a GdBiFeGaAlG single crystal film ] the example 4, by 
arrangement as shown at drawing 13 , the permanent magnet was fixed and magnetic properties were measured 
similarly. A permanent magnet is the residual magnetic flux density 4000 (G) and configuration which were used in the 
example 4. lmmxlmm xO.Smm It is a ferrite permanent magnet, this - When the magnetic influence in the center 
position of a GdBiFeGaAlG single crystal film was measured, a property like drawing 1 was shown. Namely, Hs 1= 80 
(Oe) Hs2=-80 (Oe) Hn 1= 80 (Oe) It was Hn2=-80(Oe). 
[0035] 

[Effect of the Invention] According to this invention, although a saturation magnetic field is very low, since the 
magnetic hysteresis is large, the use as a Faraday-rotation child can vanish the magnetic hysteresis of the difficult rare- 
earth-iron-garnet single crystal. Consequently, application of a hyposaturation magnetic field rare earth garnet single 
crystal was attained as the optical switch using the Faraday effect, and a Faraday-rotation child for magnetic field 
sensors. 
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